Status of the KLLOE-2 Inner Tracker

B. De Lucia

LNF- INFN
for the KLLOR-2 Collaboration

Erika De Lucia — KL.OE-2 Workshop on e+e- collision physics at 1 GeV- October 26th 2016 Frascati



Calorimeter System

EMC - Lead / Scintillating
Fibers w PMT

Tracking System
DC — He-Iso 90-10
S.7m x 4m Drift Chamber

Superconductive Magnet
0.52 T solenoidal field
DAFNE o@-factory
e e at 1020 MeV
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Calorimeter System

< EMC - Lead / Scintillating Fibers w
PMT Barrel and Endcaps

© LET /LYSO+SiPMs
© HET/ Scint+PMTs

< QCAL - Tungsten / Scintillating
Tiles w SiPM Quadrupole
Instrumentation

i
< CCAL - LYSO Crystal w SiPM - Low- ,‘\;é
beta :

Tracking System
+ DC - He-Iso 90-10
3.7m x 4m Drift Chamber

< Inner Tracker — 4 Cylindrical GEM
detectors

Superconductive Magnet
< 0.52 T solenoidal field
DAFNE o-factory
< e'e at 1020 MeV

—
-

Physics program [EPJC 68 (2010)]
< Ks, n, ng rare decays
< Quantum Interferometry

< Dark photon search
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First batch ever of GEM foils produced with a technique
developed by CERN-TE-MPE-EM and RD51 to produce large area foils

active length
XV piteh strip readout Read-out
chans GASTONE FEE [NIM A 732 (2013)] \nduction
7 "Sransfer 5
HV channels 7 = —_— ~ rrode
[JINST 08 T04004 (2013)] 2 mm ( ,/,,— —L\ \\\ CEM 3
triple-GEM layout T W pwentonapy, N GEM2
gas mixture N N\ Cath:dEeW
gas gain
- material budget

Kapton/copper multilayer flexible circuit built at 120%020%0 % 23232393 sfsdelelst:

CERN TE-MPE-EM (Tot thickness 300 um) K‘“““
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common V backplane
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Cylindrical GENM detector construction

Novel technique developed at LNF
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© 3 GEM foil

3 anode readout foils spliced w/o overlap:

6 cm kapton strips glued head-to-head joints
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P Cables per-side:
90 readout cables
69 HV cables

36 gas tubes

8 cooling tubes

6 temp. probes

Heat sources Twodegicated ooohng SYSLEINS
Beam-pipe (luminosity dependent) Air blowing between BP and IT
FEER: 180 chips = 100W per side Water radiators on FEE
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Inner Tracker
working point

First CGEM detector used in high-energy physics experiment
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Cosmic-ray muon data:

Monitor detector noisy/dead channels situation and mask them in DAQ
Extrapolate DC tracks to IT with straight-line approximation

Look for reconstructed IT clusters close to expected positions from DC track

Single-view Efficiency vs Gain curve

>

O

c
2
9
=
L

RIS : ; 5 --=+-- Layerl X
"“E ................ E ................. ,. ................ , ............... P Layer2X
- ‘ : : --+-- Layer3 X

Layer4 X

(kV/cm) V)
Drift T1 T2 IND. Gl G828 G3 Gain
1,5 3 3 5 285 280 265

1
8000 4000 6000 8000 10000 12000 14000 16000 18000

Compromise between good efficiency and stable detector operation with beams
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Dips in the occupancy distribution show
the micro-sector structure of GEM foils

Induction field increased from
to 6 KV /cm

Y,
o

Cosmic-ray Muon Data

Efficienc
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Compromise between good efficiency and stable detector operation with beams
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Align & Calibrate
CGEM detector

GChallenging. Never done before.



The angle formed by a track 0.9& T B-field orthogonal to
and the radial E-field Triple-GEMs E-fields:
direction introduces: Ax(ar) and

of the e- cloud
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The angle formed by a track 0.9& T B-field orthogonal to

Lo

and the radial E-field Triple-GEMs E-fields: g,

direction introduces: Ax(ar) and Passing track
of the e- cloud

Cosmic-ray muon data acquired with B-field OFF
Calibration of
Select DC tracks crossing IT at 2 points
Corrections as a function of track parameters
Shifts and rotations to align the IT

DC

volume
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The angle formed by a track 0.9& T B-field orthogonal to

N

and the radial E-field Triple-GEMs E-fields: g,

direction introduces: Ax(ar) and Passing track
of the e- cloud

Cosmic-ray muon data acquired with B-field OFF
Calibration of
Select DC tracks crossing IT at 2 points
Corrections as a function of track parameters
Shifts and rotations to align the IT

DC

volume

Cosmic-ray muon data acquired:with B-field ON
Calibration of
Corrections, Shifts and rotations from B-field OFF sample
Study and apply B-field effects corrections
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The angle formed by a track 0.9& T B-field orthogonal to %

and the radial E-field Triple-GEMs E-fields: @Q«%

direction introduces: Ax(a;) and Beconed
of the e- cloud

Cosmic-ray muon data acquired with B-field OFF
Calibration of
Select DC tracks crossing IT at 2 points
Corrections as a function of track parameters
Shifts and rotations to align the IT

DC

volume

Cosmic-ray muon data acquired:with B-field ON
Calibration of
Corrections, Shifts and rotations from B-field OFF sample
Study and apply B-field effects corrections

Bhabha scattering events
Check calibration of
Corrections , Shifts and rotations from cosmic-ray muons with B-field ON sample
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Cosmic-ray muons with B OFF

Ax,, = (-0.005 + 0.0003) cm
oy =(0.0278 +0.0004)cm

Dxy=(0.086 £0.0011) cm iy ¢ reciciialy
oy =(0.1575+0.0013)cm [ °

ouU ;

H-ﬁ.u.
0.4 0.6 D . 8
X residuals (cm)

Starting point before align ée calib sl Dxy=(-0.207 £0.002) cm
SNl 6, =(0.35840.003) cm

Resx =1.9 mm
Resy = 280 um
Resz = 3.6 mm
Ax = 860 um
Ay = -50um
Az =& mim

Convolution of DC + IT resolution
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Layer #4 residuals: 1% align & calib using cosmic-ray muons with B OFF

%2 / ndf = 699.5 / 218
po 736 £ 36.6
pl  -0.007197 £ 0.000972
p2 0.0698 = 0.0013
1 p3 2139 + 31.4 : § § § : : : p3 4270 * 59.4

p4 -2.146e-05 + 5.319e-04 E : : E § é § 0.003749 + 0.000280
p5 0.0426 + 0.0007 ; : 3000 -4 0.02337 = 0.00034

%% / ndf = 710 / 277

- po 442.7 + 18.9
pl 0.004778 + 0.001655
p2 0.1348 £ 0.0022

2500

2000

168NN

Axg = (0.005 +0.001) cm Ax, = (-0.007 + 0.001) cm
Og =(0.135+0.002) €M |ofhoocfomionios o, =(0.070 £0.001) cm
Axy = (0.0000 £ 0.0005) cm Ax,, = (0.0037 + 0.0003) cm
oy =(0.0436 +0.0007) cm o, =(0.0234 %0.0003) cm

1 [ — 1 (— 1 1 1 1 T L I 1
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X residuals (cm)

0.2 0.4
Y residuals (cm)

%2 / ndf 648.3 / 393
167.5 £ 25.0

Improvement with 15t alisn & calib 1200 - [9 i PO
g A : pl -0.01801 = 0.00411

P2 0.2491 £ 0.0109

Resx =1.5 mm =>440 WITY 1000 p3 1002 = 21.4

p4 -0.0005142 = 0.0012888

ReSy = 280 uIn => 240 I Axg = (-0.018 + 0004) cm p5 g 0.108 * 0.003

Resz = 3.6 mm =>1.1 mm og =(0.25%0.01) cm
Ax, = (-0.005 + 0.001) cm

Ax =860 pum => 50 pm 6y =(0.108 £0.003) cm

Ay =-80um => -850 um

Az =2 mm => o um _ .
Convolution of DC + IT resolution ob———— S

Z residuals (cm)




%% / ndf = 710 / 277

442.7 £ 18.9

0.004778 £ 0.001655
0.1348 = 0.0022

2139 = 31.4

-2.146e-05 = 5.319e-04
0.0426 £ 0.0007

1 l 1 1

-0.8 -0.6 -0.4 -0.2

0.2 0.4 0.6
X residuals (cm)

= 1403 / 392

108.4 + 7.4
0.003217 + 0.004458
0.2451 * 0.0103
3170 £ 35.0
0.007865 £ 0.000347

0.03976 + 0.00039

ReSX

: : : L
0.2 0.4 0.6
X residuals (cm)

15t align & calib for all layers using cosmic-ray muons with B OFF

72 / ndf = 564.2 / 275

346.6 = 15.3
0.0004062 = 0.0018698 |.
0.1351 = 0.0023

1405 = 26.7 |

-0.001905 = 0.000681

0. 04083 = 0.00090

0.4 0.6
X residuals (cm)

¥* / ndf = 1420 / 420

B0 46.39 + 3.55
pl  -0.01212 + 0.00940 |
p2 0.5087 + 0.0255
p3 2780 + 23.2
~0.006063 + 0.000472 |
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0.2 0.4 0.6
X residuals (cm)




15t align & calib for all layers using cosmic-ray muons with B ON
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Checking 15t align & calib with Bhabha scattering events

193530

312598
PO 2.613e+04 + 3.643e+02 1180 = 34.9 |
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Tracking with IT+DC



Starting with Drift Chamber reconstructed tracks

IT Clusters reconstructed are added

IT+DC Kalman filter

Reconstruction procedure developed and tested with MC samples

DC Inner Wall

— IT Layers /

-7 1st hit of

DC track
--- Kalman

Filter IT

+DC

Alignment and calibration parameters from cosmic-ray muon samples
Validation with Bhabha scattering events
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Bhabha scattering events selection —— bC Inner Wall ——

using DC track reconstruction — IT Layers e

(as in the alignment & calibration) : . 2;:;: Kalman
& tracks e
Rpoa <8 cm & abs(Zpas ) <O cm
P> 300 MeV
Rpirgtrne < 40 cIm

NumPFitHit > 40

Insert Corrections , Shifts and rotations from cosmic-ray muons with B-field ON
sample accounting for both

For each DC track apply corrections parametrized as a function of the track
parameters

For each DC track apply corrections average B-field correction

Validate the procedure Obtain residual distribution with the same procedure used
in the standalone code for aliSnment and calibration: residual between DC
extrapolated track and closest IT cluster

Use calibrated IT cluster for IT+DC integrated tracking
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x residuals Layer 4

Entries 5381
Mean 0.03668
RMS 0.04926
o I ndf 96.44 / 22
Prob 2.689e-11
Const Broad 437.2+48.4
Offset Broad 0.03027 +0.00125
Sigma Broad 0.05173+0.00202
| Const Narrow 1500+53.6
Offset Narrowd.04059+0.00060
Sigma Narrow0.01961+0.00078

Entries 5420
Mean 0.01658
RMS 0.06112
Const Broad 553+36.9
Offset Broad 0.01731:0.0010Q
Sigma Broad 0.05566 +0.00150
Const Narrow 1233:51.4
Offset Narrow 0.0153+0.0006
Sigma Narrowd.01715+0.00079

Residuals between DC extrapolated track and closest IT cluster as in align & calib

x residuals Layer 3

Entries 3876
Mean 0.01409
RMS 0.06119
| o I ndf 98.43 /23
Prob 2.625e-11
Const Broad 581.2+45.3
Offset Broad 0.01256+0.00098
Sigma Broad 0.04882+0.00143
Const Narrow 519.4:51.2
Offset Narrow 0.01486+0.00126
Sigma Narrow 0.0162610.00171

Entries

Mean 0.0222
RMS 0.07574
Const Broad 571.9+51.2
Offset Broad 0.01422+ 0.00131
Sigma Broad 0.07505+ 0.00248
Const Narrow 912.6+425

Offset Narrow 0.03577+ 0.00188

Sigma Narrow 0.02665+ 0.00206

02 04

X residuals {cm)
Bhabha scattering events =

X residuals {cm)



Neutral Kaon data stream and selection of Kq -> ntn- decays
Use 15t align & calibration parameters

Simple vertex finder based on minimum distance between extrapolated tracks
Comparison between IT+DC and DC simmple vertex position

Kq->w" - decays

Min dist between 2 helix

Min dist_DC between 2elix

4 10 12 14 ll'?T 18 20

Dmin2hel (cm)

Ficm
Min distance between helixes
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Room for calibration improvement from optimization of correction functions
Layer #1 Resx = 700 um from 1% alignment & calibration with B Off

X residuals UP + DOWN

535.5 / 83

1722 = 40.1

0.01207 £ 0.00092
0.1445 = 0.0011

7648 = 56.7
-0.004972 £ 0.000335
0.05171 = 0.00043

Refine B-field On calibration & Insert refined calibration in Kalman (for all layers)

IT+DC integrated tracking performance optimization
Using Bhabha scattering events

15t version of data reconstruction with IT+DC tracking & official vertexing ready
Validation and performance study ongoing using both Bhabha scattering

events and Neutral Kaon decays
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KLOE-2 Inner Tracker is the First CGEM detector used in high-energy
physics experiment

15 Detector Alignment and calibration performed
Challenging. Never done before.

Calibration obtained for all layers using both cosmic-ray muon data with
and without B-field and checked using Bhabha scattering events.
Room for improvement as shown for Layer #1

IT+DC tracking with - Kalman filter
Integrated tracking using 15 align & calibration parameters
Optimization ongoing using Bbhabha scattering events

15t version of reconstruction with IT+DC tracking & official vertexing
ready
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